The bioindication methods have been implemented for the first time for the analyses of water properties in six mineral and thermal springs of Pamir. The studied environment was characterized as flow-alkaline, well oxygenated with low salinity, and low to middle organically polluted. Studied diatom communities preferred periphytonic and benthic habitats of temperate temperature waters. Bioindicator species preferred photosynthetic way of protein synthesis. In first time assessed the trophic level of each studied source show that all they have a state from oligotrophic to mesotrophic. Bioindication methods revealed the effectiveness of nature conservation system in Tajikistan and relevance of bioindication methods using in purpose of assessment and monitoring of water sources on the protected territories.
INTRODUCTION

MATERIAL AND METHODS
The biological material for this study is represented by personal data (150 samples collected in the summer of 2000-2015 from Jelandy, Avadzh, Garm-Chashma, Sassykbulak, Sist and Barshor located at an altitude from 2,360 to 3,800 m a.s.l. (Figs. 1-3 ). Algal periphytonic samples were collected and processed from various places, springs, and griffins with a water temperature of 10°C to 86°C (Tab. 1).
Species ecology data come from database (Barinova et al., 2006) for nine ecological bioindication systems. A total list of revealed diatoms in Pamir mineral and hot springs was correlated with an ecological database in the Microsoft Access Program. 
RESULTS AND DISCUSSION
Data about studied communities from six sources are represented in table 1 with relation to the West or East Pamir regions. We calculated Pearson coefficients for species richness, water pH, temperature and altitude of source with wessa.net and find that only water pH and altitude have significant correlation 0.78 with p < 0.03.Alkaline sources are placed in highest altitude and acidic-water sources are in altitude about 2,400 m a.s.l. (Fig. 4) . Water temperature in the studied sources is varied even in the same source, but uppermost localities have highest water temperature.
As a result of laboratory processing of 150 periphytonic samples from six thermal and mineral springs, the regional diversity was enriched by 134 diatom species (166 with infraspecific taxa) (Barinova and Niyatbekov, 2017) . For the basic list of species, we revealed species-specific ecological properties that are represented in table 2. All found taxa were indicators of substrate preferences, oxygenation, water pH, chlorides concentration, organic pollution, nutrition type, and trophic level.
Species richness of diatoms in the studied source communities is varied in the broad range from 92 in Jelandy to 9 in Sist. Table 1 and figure 4 shows that highest diversity was found in the studied sources with alkaline water with highest temperature. Remarkably, the Jelandy source, where water is 7.8 pH and temperature varied in the range 21-86°C, it was revealed that maximal species richness was -92 taxa. 
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Brébisson ex Cleve and Grunow We analyzed bioindicator species representation in each studied source as well as distribution of specific groups over source communities and between them. The bioindication histograms are organized in order of water pH decreasing. Table 2 and figure 4 shows that benthic species prevail in all studied sources but Garm-Chashma and Barshor were slightly enriched by planktonic inhabitants because only two of these sources have some water mass (Barinova and Niyatbekov, 2017) . Temperature species-indicators were represented as whole small taxa, but it also shows prevalence of temperate temperature water inhabitants, a number of which are increased with decreasing of water alkalinity. In figure 4 , we have demonstrated that in the Sist community, the presence of warm-water species was high but it is not true because this community contains only nine taxa and we found only one temperature indicator which is related to warm-water group.
Enrichments of water with oxygen is a very important characteristic of aquatic ecosystem because without it cannot exist as a biotic part of the ecosystem. Bioindication groups were mostly related to slow moving or standing water that is in small water sources that we study. In the second place we studied, there were indicators of streaming waters that reflect output of water from the sources with small streams. Standing water indicators are slightly increased with decreasing water alkalinity but it can be more related to the water volume of the source. In the Sist we found only two groups related to water moving and oxygenation but it is difficult to assess because the species richness of diatom indicators is represented by nine taxa only. Water pH bioindication shows (Fig. 5) prevailing alkalic waters over the studied sources although water pH is slightly decreased from 7.8 in Jelandy to 5.4 in Sist. As a whole, indicator groups of alkaliphiles and indifference take about 90% of indicator species in each source community. We assume that the community of each source has some buffered property for stabilizing source environment, and give the possibility to survive for species with broad ecological amplitude. The same situation can be seen in bioindication of water salinity. Figure  5 shows the prevalence of indifferent group and insufficient numbers of the low-and highsalinity indicator number. Studied thermal and mineral springs are represented by natural protected areas, therefore, most important to reveal anthropogenic influence on its communities as criteria of protection effectiveness. Figure 5 represents bioindication results of organic pollution with the Watanabe system as well as with the Sládeček's system. The source communities are represented by all indicator groups of Watanabe's method but number of taxa of clear (sx) and middle polluted (es) indicators are prevalent. The colours of groups are the same as are used in the EU system. Classes 1 and 2 indicators in Sládeček system contain most parts of the community in each studied source. That means that water sources are organically clear. Even indicators of middle pollution Class 3 were not as large in number as Class 2. Only few species of Class 4 were found but indicators of polluted water Class 5 were not revealed at all. All this led us to conclude that studied sources are represented by natural unpolluted waters with natural undisturbed aquatic ecosystems.
The effectiveness of photosynthesis was determined in each of the sources with help of the nutrition type indicator species distribution. The photosynthetic diatoms are prevail (97%) in communities of all studied sources (Fig. 6 ). Organic pollution of sources is related to trophic level of its ecosystem and shows (Fig. 6 ) that communities of each source are represented by different groups of indicators of trophic state. In the trend of increasing trophic level from oligotrophic indicators (ot) to eutrophic (e and o-e) can be seen that most part of indicators was related to oligo-and mesotrophic groups in each source. Eutrophic groups were represented by about 20% of indicators in Jelandy, Avadg, and Barshor sources. We can see eutrophic groups as half of indicators in the Sist only, but can be keeping in mind that all species in Sist are represented by nine taxa. Therefore, ecosystems of studied sources can be characterized as the oligo-mesotrophic level that usually is in the unpolluted protected areas. 
CONCLUSIONS
Algae diversity study in the sources of the Pamir Mountains is far from complete, but it is very important because thermal and mineral springs in Pamir are represented by diversity in the natural protected areas. Bioindication of diverse variables in six studied sources help us to characterize the environmental variables that have not yet been measured on these hard-toreach sources. We implemented bioindication approach for the first time for Pamir sources ecosystem assessment. The results can confirm or disprove the applicability of bioindication methods for such different source waters. This first experience can help to characterize the effectiveness of natural conservation and protection mechanisms for Pamir protected areas.
Bioindication on the base of 166 revealed taxa of diatom algae characterize six studied sources environment as low-alkaline, well oxygenated waters with low salinity, and low to middle organically polluted in which diatom community preferred to survive as periphytonic and benthic occupants that preferred temperate temperature waters and photosynthetic way of protein synthesis. The trophic level of each studied source was assessed for the first time, and the data revealed that all of them have a state from oligotrophic to mesotrophic. These results can confirm the effectiveness of a nature conservation system in Tajikistan as well as the relevance of bioindication methods used to assess and monitor water sources on the protected territories.
